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Abstract 
With the growing environmental awareness and popularization of the idea of sustainable development in various 
areas of the economy, it becomes popular to promote solutions beneficial for the environment. This trend can also be 
observed in the nautical tourism. Electric motors become increasingly popular sources of the main or auxiliary drive 
in yachts and other small vessels. Their advantages include emission-free operation and low noise level. The second 
feature is of particular importance for environmentally valuable waters and waters belonging to urban areas with major 
tourist attractions. 
The aim of this article is to compare selected traditional and electric motors and indicate the advantages and 
disadvantages of each solution. 
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1. Introduction 
Nautical tourism is often mentioned as an example of ecotourism or sustainable tourism (these terms are sometimes 
used as synonyms), because it is done in close contact with nature. Meanwhile, according to the latest definition of 
TIES (International Ecotourism Society), ecotourism is defined as responsible travel to natural areas that conserves 
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the environment, sustains the well-being of the local people, and involves interpretation and education 
(www.ecotourism.org-10.11.2015). It is a narrower concept than sustainable tourism - any kind of tourism classified 
as sustainable tourism should be developed while maintaining concern for the environment, taking into account the 
social aspects and bringing economic benefits in the tourism service area. 
Similarly to any other form of tourism, nautical tourism can be consistent with these principles to a different extent. 
The increasing number of sailing tourists and thereby yachts on the waters may have an adverse impact on the 
environment. 
In recent years, increased popularity is gained by motor yachts. Moreover, with the increase in the total number of 
boats on the Polish waters, the number of boats with outboard auxiliary motors increases as well (they are used during 
maneuvering in harbors, sailing in still air, as well as sailing in some areas where using sails is prohibited as being too 
dangerous e.g. Piast Canal leading from the Szczecin Lagoon to Świnoujście). Those yachts are usually equipped with 
internal combustion engines. Extensive promotion of the idea of sustainable development informs about the negative 
impact of this type of drive on the environment. Thus, electric drives are increasingly being used as an alternative to 
traditional motors - similarly as in road transport. 
This article aims to analyze the benefits of such a solution, indicate its disadvantages as well as compare costs 
associated with the purchase of an internal combustion engine and electric motor. 
2. Reasons for the use of electric drives in boats and other small vessels 
As mentioned above, electric and hybrid drives in various forms are already widely used in passenger cars and 
more and more frequently in delivery vehicles. Their basic advantages include reduction of pollutants emitted into the 
atmosphere, as well as reduction of noise emissions (Iwan et al. 2015). This trend does not apply to Poland, where 
such solutions are still quite rare. As observed in the results of research conducted under the GRASS project, most 
electric vehicle in Europe drive on the roads of France, Norway and Germany. In 2010-2013, more than 17,000 electric 
cars were sold in France, which gives almost 5.4% share in the automotive European market. Second place went to 
Norway, where almost 14,000 electric vehicles (passenger cars and delivery vehicles) were sold in that period. In 
addition, those countries have buses with electric drives. In the coming years, this number will certainly increase. This 
is due to the policies of these countries and taking measures to reduce the emission of greenhouse gases into the 
atmosphere. For example, Norway aims to reach the number of 50 thousand electric vehicles in 2017 (source: TØI).  
Electric motors are becoming more valued by designers and users of small tourist vessels. In this case, however, 
less importance is given to their emission-free operation. The principal advantage is their low noise level. In the 
waterfront area planning in many European cities there is a trend of “returning toward the water” reflected among 
others in the revitalization of the waterfront. Numerous dining places and cultural and entertainment centers attracting 
tourists are being located in post-port areas or other places related to the water industry in the past. 
Determining the importance of tourism in a city is essential to create development. The specificity of the city also 
affects the development of other sectors of the economy, related to tourism (Hącia 2014). 
Increasingly, however, the decision-makers introduce a prohibition on traffic in the zones of rest and recreation for 
vessels powered by high power internal combustion engines, which are the source of excessive noise emissions. 
Also outside urban areas the traffic of such vessels is sometimes limited due to the adverse impact on the 
environment, e.g. disturbing the peace of birds in nests. Areas particularly environmentally valuable are more often 
covered by a complete or partial ban on internal combustion engines. In Poland, county councils pass resolutions on 
establishing the so-called quiet zones - in force also in lakes and watercourses, which are nature reserves - to provide 
appropriate acoustic conditions in the areas intended for recreational purposes (the Environmental Protection Law of 
27.04.2001, Journal of Laws 2001 No. 62, item 627, Art.116, paragraph 1, the Nature Conservation Act of 16.04.2004, 
Journal of Laws of 2004 No. 92, item 880, Article 15, paragraphs 20 and 21). Quiet zones are areas, including water 
bodies and their banks, where it is prohibited to produce noise above 45 dB, and this prohibition includes mainly 
vessels powered by internal combustion engines. In the area of nature reserves it is prohibited to disturb the quiet and 
use any motor boats and other motorized equipment or do water- and motor sports. 
Although modern internal combustion engines are characterized by low emissions of harmful chemical compounds 
into the atmosphere, even the best-designed exhaust systems of these engines are not able to effectively eliminate the 
noise. Exhaust gases, noise and vibration associated with boating and sailing have an adverse impact not only on the 
325 Aleksandra Łapko /  Transportation Research Procedia  16 ( 2016 )  323 – 328 
environment, but also on the well-being of the crew and passengers, especially during long voyages (Leśniewski, 
Litwin 2013). 
Accordingly, the type of drive used can have a decisive impact on whether a vessel is allowed to sail on the 
particular water body, as well as the quality of rest and health of its users. 
3. Comparison of prices and selected technical characteristics of internal combustion engines and electric 
motors used on boats and other small vessels 
 
There are a lot of various electric motors installed on vessels. Depending on the needs, they can act as the main 
drive (yachts and motor boats) or auxiliary (sail yachts). The motors or engines may be attached outside the board if 
necessary, or installed as stationary equipment (e.g. in the nacelle installed under the hull or inside the hull). In this 
case, an important advantage of the electric motors is that drive systems can be installed anywhere in the hull, which 
allows for its maximum utilization. The whole structure can be closed in a mute enclosure. Therefore, there is no need 
of special separation of the place for the motor or engine (www.yachtingmagazine.com 14.09.2015). 
The selection of the solution for the motor installation as well as its nature depends most often on the type of vessel, 
its size, the shape of the hull and the proportions (length, width), and the waters on which the vessel will be used 
(www.elmartech-yacht.pl 14.09. 2015). 
 
The big advantage of electric drives used on boats is that the batteries can be charged from the power grid onshore. 
Access to electricity on the quay is provided in practically every yacht harbor. Frequently, quays are equipped with 
distribution poles supplying (depending on their nature) electricity and often water. Another function of the poles is 
to provide lighting for berths. Systems of this type are commonly equipped with media meters, and sometimes toll 
charging systems. Sometimes they include solutions to provide access to electricity after inserting a coin. 
In the case of internal combustion engines access to the fuel it is often more difficult. According to research 
conducted by the author in 24 marinas of the West Pomerania Province, in 2010-2012 only 3 of them provided yachts 
with the opportunity to use fuel distributors in their area. In other places, the sailors were forced to buy fuel outside 
the harbor and bring it in canisters. While it is not a major issue for a yacht for which the motor is an auxiliary power 
supply, in the case of motor yachts and their considerable demand for fuel it is a considerable obstacle. 
At this point, it is worth mentioning the fact that in this case the situation is much different when it comes to electric 
cars. In Poland, the infrastructure for charging batteries is practically completely inaccessible (e.g. in the whole area 
of Szczecin there are only two places to charge electric cars). In France, Norway and other countries, where such 
vehicles are popular, the battery charging infrastructure is well developed. 
The tables presented below show a comparison of selected data: prices and selected technical characteristics of 
electric motors and internal combustion engines of several manufacturers. Tables 1 and 2 show data on the engines of 
relatively low power. They can serve as an auxiliary drive for small boats and other vessels (e.g. pontoons) weighing 
up to 1500 kg. Alongside the technical parameters, the comparison also included the prices of equipment. In the case 
of electric motors, the analysis taken into account the price of batteries without which the engine cannot operate. In 
this case, the data relate to gel batteries (HZY – Marine version) that are recommended by the manufacturers. 
Unfortunately, neither the engine manufacturers nor the sellers provide data on combustion (in the case of internal 
combustion engines) or noise emissions. 
 
Table 1. Specification of selected low power internal combustion engines 
Manufacturer Type Power [hp] Engine 
displacement [cm3] 
Weight [kg] Price [PLN] 
HONDA BF 2,3 2,3 53 12,5 3200 
YAMAHA F 2,5 2,5 72 17 3300 
SUZUKI  DF 2,5 2,5 68 14 3280 
Source: own study based on: www.leria.com, www. sonarsklep.pl, www.elmartech-yacht.pl, www.torqeedo.com, www.nauticexpo.com 
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Table 2. Specification of selected low power electric motors and batteries 
Manufacturer Type Towing 
capacity 
[Lbs] 
Weight: 
engine; battery 
[kg] 
Battery type Prices [PLN] 
Engine; Battery  
Minn Kota Endura 40 40 N/D; 25.1 HZY 12-80 MARINE 1,260; 818 
Minn Kota Endura 55 55 N/D; 32.,2 HZY 12-110 MARINE 1,750 ;960 
YAMAHA M20 40 10; 32.2 HZY 12-80 MARINE 1,290; 818 
YAMAHA M28 56 11; 32.,2 HZY 12-110 MARINE 2,390; 960 
TORQEEDO Travel 1003 66 N/D; 4.8 Li-Ion, 45 Ah integrated with 
the engine 
7,450 (total) 
Source: own study based on: www.leria.com, www. sonarsklep.pl, www.elmartech-yacht.pl, www.torqeedo.com 
The data in Tables 1 and 2 show that electric motors are a little lighter than internal combustion engines. However, 
to power the vessel, they require batteries that are relatively heavy. For example, the internal combustion engine 
Yamaha F 2.5 weighs 17 kg, and a set consisting of an electric motor M20 and the battery recommended by the 
manufacturer weighs 42.2 kg, which is almost two and a half times more. It is interesting that in this case the electric 
motor is cheaper. The package price is PLN 2108, while the internal combustion engine costs PLN 3300. 
A slightly different relationship occurs in the case of engines with an average power used to power vessels weighing 
up to 3000 kg. Data for these motors are shown in Tables 3 and 4. 
 
Table 3. Specification of selected medium power internal combustion engines 
Manufacturer Type Power [hp] Engine 
displacement [cm3] 
Weight [kg] Price [PLN] 
HONDA BF 10 9.9 222 44.5 10,300 
YAMAHA F 9,9J 9.9 220 43 11,400 
HONDA BF 15 15 350 49.5 12,200 
YAMAHA F 15C 15 362 51 12,900 
Source: own study based on: www.nauticexpo.com, www.bellmarine.nl, www.jacht-market.com.pl, www.elmartech-yacht.pl, 
www.jamestowndistributors.com, www.ecoboats.com.au, www.mastervolt.com,www.torqeedo.com 
 
Table 4. Specification of selected medium power electric motors and batteries 
Manufacturer Type Towing 
capacity 
[Lbs] 
Weight: 
engine; battery 
[kg] 
Battery type Prices [PLN] 
Engine; Battery  
TORQEEDO 
 
Cruise 2.0R 115 18.6; 20 Torqeedo Power 26-104 
(Lithium battery) 
11,736; 10,478 
TORQEEDO 
 
Cruise 4.0R 189 19.4, 2x20 Torqeedo Power 26-104 
(Lithium battery) 
13,413; 2x10,478 
MASTERVOLT PodMaster 4.2 Power 
4.2 kW 
35; 4x63.3  
 
HZY 12-200 Marine 34,870; 4x1,800 
MASTERVOLT PodMaster 10 Power 
10 kW 
35; 4x63.3  
 
HZY 12-200 Marine 39,000; 4x1,800 
Source: own study based on: www.nauticexpo.com, www.bellmarine.nl, www.jacht-market.com.pl, www.elmartech-yacht.pl, 
www.jamestowndistributors.com, www.ecoboats.com.au, www.mastervolt.com,www.torqeedo.com 
 
As in the case of engines with the lowest power, also in this situation the weight of sets with electric motors is 
much heavier than the weight of internal combustion engines. The disparities are even greater than before, because 
the electric motor manufacturers recommend using a power supply voltage of 24 V or, for larger capacity, 48 V, and 
this requires connecting in series respectively two or four batteries with a nominal voltage of 12 V. For example, as 
shown in Table 4, for electric drives with capacities of 4.2 - 10 kW, the manufacturer requires four 12V batteries of 
high capacity (total 48V) connected in series. In this case, the engine weight is 35kg and the weight of the batteries is 
253.2 kg, so the total weight of the set amounts to 288.2 kg - several times more than the weight of the engine that 
could power the same vessel.  
According to the manufacturer, Cruise 2.0R motor corresponds to an internal combustion engine with a capacity 
of 6 hp, while Cruise 4.0R motor corresponds to an internal combustion engine with a capacity of 9.9 hp. Cruise 2.0R 
and Cruise 4.0R motors can be combined in twin-engine sets to double the power capacity. The batteries should then 
have bigger capacity - thus weighing more. 
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Comparison of the prices shows that the medium-power electric motors are more expensive than internal 
combustion engines. If one adds the cost associated with the purchase of several batteries, these disparities increase 
even more. The costs of an electric drive may even be several times higher than the cost of an internal combustion 
engine. 
As mentioned earlier, one advantage of the electric drives is that they can be charged from the public mains supply. 
The recommended battery capacity for 3-4 hours of sailing is 28 kWh, and for 6-8 hours of sailing - 46 kWh. Charging 
time in this case will take from 10 to 20 h. If the crew plan a longer stop at the marina, it is not a problem, but with 
shorter stops it would be necessary to use twice the number of batteries, which means doubling their weight. In this 
case, the weight of the drive would be almost 0.5 ton, which is a very heavy load for a boat weighing about 3000 kg. 
Another solution to this problem would be lithium batteries. They can reduce the weight of batteries to about 50% 
and sometimes up to 70% (depending on battery type). In addition to their numerous advantages such as lower weight 
in relation to gel batteries or the possibility of fast charging with high currents, they can also be combined in parallel 
and in series to the battery sets of the required parameters (www.leria.com.pl). 
However, when comparing the cost of buying batteries of equivalent performance, rechargeable lithium batteries 
are approx. 7 - 8 times more expensive than gel batteries (www.mastervolt.com/batteries). 
The analysis shows that in the case of low power motors, electric motors are an interesting alternative to internal 
combustion engines. Although together with the battery they are much heavier, in terms of costs this solution turns 
out to be very attractive. With respect to higher power engines, taking into account technical and economic factors it 
seems advantageous to use a conventional internal combustion drive. This results from the fact that electric drives 
require the use of several batteries, which increases the weight of the system and makes the costs disproportionately 
higher in comparison with the traditional solutions. 
In this case, the arguments in favor of the use of electric drives can only be environmental arguments, i.e. no 
emissions of harmful gases into the atmosphere and no “noise pollution”. However, it is worth noting that electric 
motors actually do not produce greenhouse gases during operation, although they consume electricity. Their 
environmental performance and thus whether they fit in the concept of sustainable development depend on the sources 
from which the energy is sourced. In countries such as France, Norway and Germany a large part of electricity is 
sourced from renewable energy sources (RES), in Poland it is still mainly from coal. Each kWh stored in the battery 
requires burning of approx. 0.45 kg of thermal coal. An additional problem is the used batteries (their lifetime is 
approx. 12 years). In Poland there are still not enough places for safe handling of battery waste. Such places are easily 
available in the countries where the use of electric cars is very popular. 
4. Summary 
The number of boats, including yachts, using motor as auxiliary power source, is growing worldwide. 
According to the White Paper: Roadmap to a Single European Transport Area – Towards a competitive and 
resource efficient transport system published by European Commission in 2011, the goal should be sustainable 
development in transport sector. It is determined by breaking the transport system’s dependence on oil, inter alia by 
improving the energy efficiency performance of vehicles across all modes and developing and deploying sustainable 
fuels and propulsion systems (White Paper: Roadmap to a Single European Transport Area – Towards a competitive 
and resource efficient transport system 2011). 
With respect to the boats, this may mean replacement of traditional mechanical drives with electric drives as in the 
case of cars. 
For the purpose of this article, an analysis of the advantages and disadvantages of this solution was made.  
As a result of comparing selected technical data and prices of chosen electric and mechanical drives, it was found that 
in the case of low power motors, electric motors are a good alternative to internal combustion engines. They are 
approximately twice heavier, but their cost (together with batteries) turns out to be very attractive. 
The results of the analysis are different with respect to higher power engines. They require the use of several batteries, 
which increases the weight of the system and makes the costs much higher than is the case in the traditional solution. 
That is why, when higher power engines are considered, it seems advantageous to use a conventional internal 
combustion drive. 
When the environmental arguments are taken into account, it may be concluded that in Poland the main argument for 
the use of electric drives is their quiet work. This is caused mainly by the national energy policy, namely the fact that 
most of the energy is obtained from coal. In countries where the energy sector is based on alternative energy sources, 
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an additional argument can be the emission-free operation. 
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